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PE®EPAT

Po6ota Bmimye: ctop. — 116. puc. — 67, tadn. — 11, nox. — 0, ait. — 52

VY numniaoMHiM poOOTI BUKIIAEHO JITEPaTypHUI OTJIs]] Cy4acHOIO CTaHy Teopii
1 IPaKTUKU OTPUMAHHS KEPAMIYHUX KOMIIO3UIITHUX MaTepialiiB Ha OCHOBI KapOimy
00py, METOIB X OTPUMAaHHS Ta JIETyBaHHS.

Meroro AMIIIOMHOT pOOOTH € JIOCHIIKEHHS BIUIMBY J00aBKH JIAHTaHy Ta
IHITUX JIETYIOUHUX JOMIIIOK Ha CTPYKTYPY Ta MEXaHIuH1 BIACTUBOCTI €BTEKTUYHUX
criaBiB cuctemu B4C - TiB,. [lns nocsirHeHHs METH TOTPiIOHO:

1. Otpumatu eBTekTHuHI cmiaBu cucremu B4C — TiB, jeroBaHi pi3HOIO

KIJIBKICTIO JIJIAHTAHY MCTOAOM CJICKTPOHHO-IIPOMCHCBOTO OININIABJICHHA

2. JlocniaAuTH MIKpOCTPYKTYPY Ta XIMIYHHUM CKJIaJ OJE€p>KaHUX KOMIIO3UTIB
3. Hocmiautu $pi3uKo-MeXaH1uH1 BIACTUBOCTI OJIepKaHUX KOMITO3HTIB
4, OpepxaTu  CIPSIMOBAHO 3aKpPUCTANII30BaHl E€BTEKTUYHI CIUIAaBU CHCTEMH

B4C - TiB, nerosanoH1 onTUMaJILHOIO KUIBKICTIO La

5. Jlocmiautu  MIKpOCTPYKTYPY, XIMIYHHUHA ckiaag Ta  (i3uKo-MexaHIdH1
BJIACTHBOCTI1 OJIEpP>KaHUX KOMITO3UTIB

6. Otpumatu copsiMOBaHO 3akpucTamizoBani kommo3utu B,C - TiB, nerosani
IHITUMHU eJIEMEHTaMH, JOCIIIUTA CTPYKTYPY Ta BIACTUBOCTI OTPUMAHUX MaTepialliB.

OO6'ext nmocmipKeHHs: JeroBaHi eBTekTuuHi crutaBu By,C-TiB,, orpumani
PI3HUMHU METOJIaMH.

[Ipenmer gochimpKeHHs: CTPYKTypa, (Ga30BU CKJIaJ Ta MEXaHIYHI BIIACTUBOCTI
JETOBaHUX KepamiyHuUX Kommo3uTiB cuctemu ByC-TiB, mnpu kimMHaTHIA Ta
MIIBHINCHIN TeMITepaTypax.

Metonu AOCTKEHHs Ta amaparypa: KepaMidyHi KOMIO3UTH OTPUMYBAJIHUCS 3
BUKOpUCTaHHSAIM ycTaHOBOK DJIA-6 Ta Kpucram-206, MIiKpoCTpyKTypa MartepiajiB
nochipkyBanack Ha ontuduHoMy Mikpockori «NEOPHOT 21» ta enextpoHHOMY
MIKPOCKOTIi, MiKpOMEXaHI4Hi JOCIDKeHHs TpoBoamwanch Ha mpuiaaai MHV-1000,
MIIHICTh Ha 3TUH JOCIIDKYBaJlach Ha ycTaHOBI «Instron 4505y, mis mocmimkeHHS
razoa0pa3uBHOTO 3HOCY BUKOPUCTOBYBABCS BIAMOBIAHUN CTEH]I.

KnrouoBi ciioBa (CIOBOCIIONYYEHHS): KapOio 60py, apmMo8aHuil KOMno3um, MiyHicmo

HA 32UH, MIKPOmMBepOoicmb, MPIUWUHOCMIUKICMb, MOHOKPUCIATL, KepamiKd.



ABSTRACT

Thesis project includes p. — 116, Fig. — 67, Table. —11, Ext. — 0, Ref. — 52

In present research the literature review of the current state of theory and
practice of producing ceramic boron carbide based composite materials and methods
of obtaining and doping them are shown.

The aim of the thesis is investigation the influence of lanthanum and other
dopants on structure and mechanical properties of eutectic alloys B,C - TiB,. To
achieve the goal should to solve the following tasks:

1. Obtain the B4C - TiB; eutectic alloys doped with lanthanum by electron-beam.
2. Investigate the microstructure and chemical composition of the composites

3. Investigate the physical and mechanical properties of the composites

4. Obtain the directionally crystallized B,C - TiB, eutectic alloys doped with
optimal amount of lanthanum

5. Investigate the microstructure, chemical composition and physical and
mechanical properties of synthesized composites

6. Obtain the directionally crystallized B4C - TiB, composites doped with other
elements and investigate the structure and properties of the materials.

The object of study is alloyed B,C-TiB, eutectic alloys obtained by different
methods.

The subject of research is structure, phase composition and mechanical
properties of doped B4C-TiB, ceramics at room and elevated temperatures.

Methods and equipment: ceramic composites were obtained using «2JIA-6»
and «Kpuctan 206», microstructure of materials was observed by optical microscope
«NEOPHOT 21» and by the electron microscope, micromechanical tests were
conducted on the device MHV-1000, bend strength was studied using
«Instron 4505», erosive wear resistance was investigated using erosive wear stand.

Keywords: boron carbide, reinforced composite, bending strength,
microhardness, fracture toughness, single crystal, ceramics.



BUCHOBKH

TakuM 4YMHOM, B XOJ1 BHUKOHaHHsS poOOTH OyJO BHUSABICHO, 110 OOpaHUN B
SKOCT1 JIeTyr04oi J00aBKH, XJIOPHA JIAHTaHY TeNTariipaT po3MagacThCs TpHU
TEMIIepaTypax CYIIKH, a TIPH TeMIlepaTypax MpPOBEICHHS TUIABKU BiOYBa€ThCS Pl
XIMIYHUX peakilif, 10 NpHU3BOAUTH 10 YTBOPEHHA HOBOi (a3su — rekcabopuay
JaHTaHy, SKAW BUAUISETBCS HA TPAHUIAX PO3AUTy (a3 MaTpuild - BOJIOKHO. JlaHi
JIOKAJIBHOTO ~ MIKPOPEHTICHOCIIEKTPAIbHOTO Ta  pPEHTreHo(}a3oBoro  aHalizy
OIATBEPIUIN HASBHICTH rekcabopuay JaHTaHy Ha MDK(Qa3HUX TpaHULAX
eBTekTHYHOrO cruiaBy B4C-TiB;

[loka3aHo, 1m0  MeXaHIYHI  BJIACTUBOCTI  CIPSMOBAHO  apPMOBAHUX
KOMIO3MIIHHUX Matepiamie cucremu B4C-TiB, Benukor Mipowo 3ainexarh Bif
XapaKTePUCTHUK 3YCIJICHHS MATpHIll 1 apMYyHUYOro €JIEMEHTY, a OTXKE YTBOPCHHS
HOBO1 (pa3u Ha MDK(A3HUX TPaHULSIX MATPHI — BOJIOKHO, 3HAYHOIO MIpor0 Oyje
BIJTMBATH Ha MEXaHIYHI BJIACTHBOCTI MaTepiaiy.

[lokazaHo, 1m0 3aBASKK MOKPAIICHHIO 3YEIUIEHHS MaTpUlll 3 apMyIYHMH
BOJIOKHAMH 4epe3 MeHI pi3kuid nepenan KTP Mk HUMU, 110 BUKIMKAHO HASIBHICTIO
HOBO1 (h)a3u Ha TpaHUIAX PO3/LTy, OyJI0 OTPUMAHO MIIHICTh HA 3TWH JUIS 3pa3KiB 13
KUTBKICTIO BBEACHOTO XJOPHIY JaHTaHy renrtariapaty 2 00.%, mpu KIMHATHIN
temreparypi 271 MIla, mo Ha 30 % BuIE MIITHOCTI HEJIETOBAHOTO €BTEKTHYHOTO
ciaBy B4C-TiB,, ta nmpu T=1600 °C — 282 MIla, mo nepeBullye BiAmOBimHi
3HAUEHHS HeJleroBaHuX cruiaBiB Ha 20 %.

Busisneno, o mosiBa kpuxkoi ¢aszu LaBg, Ta ykpymHEeHHS CTPYKTypu IO 3
MM TIOB'SI3aHi TPU3BOASATH JO 3HIDKCHHS TPINIMHOCTIMKOCTI KOMIO3HTIB 3i
3pOCTaHHSAM KUTBKOCTI BBEACHOTO XJIOPHAY JIAHTaHy TenTarigpary. Tak sk mpu
MOIUPEHHI TPINUHU KPYIHI BKJIIOYEHHS apMyrodoi (asu pyHHYIOThCS pa3oM 3
MaTpUIICt0, KOJW JApiOHI BKIIOYCHHS CHPHUSAIOTH BIIXHICHHIO TPIMIMHM abo il
rajibMyBaHHIO. 3HAYEHHSI MIKPOTBEPAOCTI MPU LbOMY 3JIUIIAIOTHCA MPUOIU3HO Ha

OJIHOMY PiBHI.



[Tokazano, mo nmobaBku SIC T1a NDbB, mnimBumyrooTs MIIHICTE Ta
TPIIIMHOCTIMKICTh CIPSIMOBAHO 3aKPUCTAII30BAHUX €BTEKTUUYHHUX KOMIO3UTIB B4C —
TiB, y mopiBHSHHI 13 HEJIErOBaHUMU CIUIaBaMu Ii€i cucteMu. HaifBuini 3HaYeHHs
MIITHOCTI IMOKa3aju 3pa3ku jieroBani SiC, mpu 4oMy HaBiTh Ipu TemrnepaTypax 1600-
2000 °C 30epiraBcs KpUXKHI XapaKTep pyiHHYBaHHS.

B po6oti Takoxx Oyyno mpoaHadi30BaHO BIUIMB MIKIIJIMBUX Ta HEOE3MEUYHUX
YUHHUKIB M1 9ac poOOTH B JabopaTopii, a TaKOXK PO3pOOJICHO 3aXOU MO OXOPOHI

partl.



CONCLUSIONS

Selected as an alloying additive, lanthanum chloride heptahydrate decomposes
at drying temperatures. The formation of a new phase - lanthanum hexaboride is
caused by series of chemical reactions at melting temperatures. LaBg appear on the
interface boundaries. XRD analysis confirmed the presence of lanthanum hexaboride
in eutectic alloy B4,C-TiB,.

Mechanical properties of present composites depend on matrix and reinforcing
elements traction. Therefore the formation of a new phase in interphase boundaries
will affect on the mechanical properties of the material.

Bending strength for samples with 2 vol.% lanthanum chloride heptahydrate at
room temperature is 271 MPa, which is 30% higher than strength of unalloyed
eutectic alloy B4S-TiB,, and at T = 1600 ° C - 282 MPa (20% higher than undoped
alloys). It caused by coefficient of thermal expansion (CTE) of LaBg, which less than
fiber CTE and higher than matrix CTE.

However, due to appearance of brittle LaBg phase, and coarsening of
structures, fracture toughness is decreased with increasing of lanthanum chloride
heptahydrate content. The large reinforcing inclusions are destroyed with the matrix
on the crack propagation way. When crack deviations are caused by small inclusions.
Microhardness values are at the same level.

Increasing in strength and fracture toughness of directionally crystallized B,C -
TiB, eutectic composites are caused by SIiC and NbB, additives, compared to
undoped alloys of this system. However, crack deviation in general cases was not
observed. The highest strength was shown by samples doped with SiC. By the way, at
1600-2000 °C brittle type of fracture for these composites was remained.

In the present work the influence of harmful and dangerous factors in the

laboratory were analyzed and measures for the protection of labor were developed.



